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15/08 27/04; Inventor(s): Takashi Watanabe et ah; Assignee: Hitachi Chemical Corporation; 
Japanese Title: Tainetsusei Epokishi Jushi Sekisouban no Seizou Houhou (Method for 
Production of a Thermal Resistant Epoxy Resin Laminate) 



1. Title of Invention 

Method for Production of a Thermal Resistant Epoxy Resin Laminate 

2. Claim(s) 

1. A method for production of a thermal resistant epoxy resin laminate, characterized in that 
a prepreg varnish is used, which is formed by adding a reaction product between triglycidyl 
isocyanurate and bisphenol A or tetrabromo bisphenol A to epoxy resin. 

2. A method for production of a thermal resistant epoxy resin laminate, as disclosed in Claim 
1, characterized in that, after triglycidyl isocyanurate and bisphenol A or tetrabromo 
bisphenol A have been dissolved into an organic solvent, the mixture solution is reacted at 90 
to 160 °C. 

3. Detailed Description of the Invention 
[Field of Industrial Application] 

This invention pertains to epoxy resin that is used for electric insulating materials such 
as laminate plates, copper-clad laminates and multi-layer printed boards and that have 
excellent thermal resistance. 
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[Prior Art] 

Epoxy resin copper-clad laminates are widely used in the electric and electronic device 
fields. However, in many cases, such laminates generate expansion and exfoliation due to a 
heating and a cooling at a processing step thereof. In order to eliminate the disadvantages, a 
denaturing is applied using bisphenol A epoxy resin and novolac epoxy resin. The denaturing 
is effective on improvement of the thermal resistance at a certain degree. However, the effect 
is not at a completely sufficient level yet. 

Laminates are usually formed by heating and adding a pressure to laminates of paper 
cloth substrates with resin varnish impregnated. Any of the following materials need to have 
a property easily to dissolve in organic solvents: epoxy resin as a raw material for the epoxy 
resin varnish so as to produce epoxy resin laminates; curing agents; curing accelerators. 
Accordingly, denatured resin to be added for improving the thermal resistance of epoxy resin 
has to be easily dissolved in the organic solvents. 

[Problem of Prior Art to Be Addressed] 

As conventional special epoxy resin, there is multi-functional epoxy resin triglycidyl 
isocyanurate that contains a triazine ring. Multi-functional epoxy resin triglycidyl 
isocyanurate has the following properties: a solid state at an about 120 °C melting point; 
extremely improved thermal resistance; an excellent electric property; an excellent mechanical 
property. Multi-functional epoxy resin triglycidyl isocyanurate has also been used for fields 
in which A type epoxy resin is not effective. 

However, it is difficult for triglycidyl isocyanurate to be dissolved in any organic 
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solvents. If triglycidyl isocyanurate is used for laminates, it needs to be dissolved in solvents 
so as to obtain varnishes. For this reason, triglycidyl isocyanurate cannot be used for epoxy 
resin laminates. 

[Measures to Solve the Problem] 

As a result of a further study by the inventors in consideration of the disadvantages as 
described above, they have found the fact that, if triglycidyl isocyanurate is reacted to 
bisphenol A or tetrabromo bisphenol A, a triazine ring-containing copolymer is generated, 
which is easily dissolved into an organic solvent at a room temperature. 

The reaction between triglycidyl isocyanurate and bisphenol A or tetrabromo bisphenol 
A is preferably made in an organic solvent. If the reaction is made in an inorganic solvent, an 
insolvable gel compound is generated when triglycidyl isocyanurate is used in a varnish form. 
As for the organic solvents to be used at the time, if the variants uniformly dissolve bisphenol 
A or tetrabromo bisphenol A, they are preferably used because a sufficient dissolving 
performance on generated triazine ring-containing copolymers. For example, the following 
types can be used: a ketone group; an ether group; an aromatic group; dimethyl formamide. 
The ketone group includes the following compounds: acetone; methylethyl ketone; 
methylisobutyl ketone. The ether group includes the following compounds: ethylene glycol 
monomethyl ether; ethylene glycol monoethyl ether. The aromatic group includes the 
following compounds: toluene; xylene. These organic solvents can be used as a combination 
of two or more types. 

If the reaction temperature increases, the reaction is difficult to be controlled. Due to 
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this reason, the boiling point of the organic solvents is preferably lower at 80 to 130 °C. 

The amount of the organic solvents to be used is preferably at 5 or greater weight % 
during the reaction. The amount is preferably 10 to 50 weight % of the reaction system so as 
to obtain a 90 to 160°C reaction temperature. 

The blending ratio of triglycidy 1 isocyanurate to bisphenol A or tetrabromo bisphenol 
A is preferably 1.0 to 4.0 at the mol ratio, more preferably 2.0 to 3.0. 

As for the reaction catalysts, the following types that are used for a two stage 
synthesizing method for regular bisphenol A type epoxy resin can be used: a basic group; a 
quaternary onium salt. The basic group includes the following compounds: triphenyl 
phosphine; triethylamine; imidazole. 

The quaternary onium salt includes tetramethyl ammonium chloride. 

During the reaction of triglycidyl isocyanurate to the bisphenol group, because of a 
high reactivity of triglycidyl isocyanurate, a significant increase of molecules rapidly occurs 
due to the reaction heat. Accordingly, it is important for the reaction to be controlled so as to 
reduce the reaction temperature by the blending ratio, the types and amounts of organic 
solvents and the selection of the catalyst types. A control of the temperature by a heater alone 
is difficult to be achieved. 

It is not always necessary for bisphenol A or tetrabromo bisphenol A to be completely 
reacted. The reaction is terminated at a point when the peak of triglycidyl isocyanurate alone 
vanishes by a liquid chromatography. An unreacted epoxy group and an unreacted tetrabromo 
bisphenol A or unreacted tetrabromo bisphenol A in an oligomer are incorporated into oxide 
after having a reaction at a production process, these substances can be presented as they are 
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at an unreacted state at a copolymer solution form without having any problem. 

As described above, by the reaction between triglycidyl cyanurate and bisphenol A or 
tetrabromo bisphenol A, a triazine-containing copolymer is obtained. A laminate with excellent 
thermal resistance is obtained by adding the obtained copolymer solution at a 5 to 30 part solid 
portion to a bisphenol A epoxy resin brominated substance at a 170 to 1000 g/eq epoxy weight, 
more preferably at 350 to 650 g/eq. Novolac epoxy resin at a 150 to 500 g/eq epoxy weight, 
more preferably at 180 to 250 g/eq, can be also added. 

As for curing agents, the following types of amine curing agents are used: dicyan 
diamide; diamino diphenyl methane; diamino diphenyl sulfone; O-phenylene diamine. The 
amount of the curing agents is 0.3 to 1.4 equivalent weight in relation to that of epoxy resin. 

As for curing accelerators, an imidazole group and a tertiary amine group are used. 
The imidazole group includes the following compounds: 2 ethyl 4 methyl imidazole; 2 phenyl 
imidazole. The tertiary amine group includes the following compounds: benzyl dimethyl 
amine; 2.4.6 tris (dimethyl amino methyl) phenol; 2 (dimethyl amino methyl). The curing 
accelerators are blended at 0.1 to 1 parts in relation to epoxy resin at 100 parts. 

As for the organic solvents, the following substances are used: acetone; methyl ethyl 
ketone; toluene; xylene; dimethyl formamide; methyl cellosolve. The concentration of epoxy 
resin is predetermined at 40 to 80%. 

The varnish for the epoxy resin laminate of the present invention is impregnated into 
a base material such as paper, a glass cloth or glass paper. This base material is dried inside 
a dryer at 100 to 200°C for 0.5 to 30 minutes. By this means, an epoxy resin prepreg at a semi- 
cured state is produced. The resin portion of the prepreg is predetermined at 30 to 70%. Using 
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this prepreg, a heating and a pressure are applied at 130 to 180°C at a 10 to 100 Kg/cm 2 
pressure for 30 to 180 minutes. 

Embodiment 

An agitation reaction is applied to a mixture of the following substances at the 
following parts at 120°C: triglycidyl isocyanurate (TEPIC produced by Nissan Chemical 
Corporation; 279 g/eq epoxy equivalent weight) at 10 parts; tetrabromo bisphenol A (Fire 
Guard #2000 produced by Teijin Chemical Corporation) at 50 parts; ethylene glycol 
monomethyl ether (produced by Nippon Nyukazai Corporation) at 15 parts; 2 ethyl 4 methyl 
imidazole (produced by Shikoku Kasei Corporation) at 0.002 parts. The contents are melted 
at 100°C and is stabilized at a 144°C reflux temperature by the reaction heat After the 
mixture has been reacted for two hours, it is cooled to obtain a copolymer solution. A GPC 
chart for a 1 hour reaction and a 2 hour reaction is shown in Fig.l. 

The following components at the following parts are added and dissolved in this 
copolymer solution and brominated bisphenol A epoxy resin (Araldite 2011 produced by 
Nippon Chibagaigi Corporation; 480 g/eq epoxy equivalent weight) so as to form a varnish; 
dicyan diamide (produced by Nippon Carbide Corporation) as a curing agent at 3 parts; 2 
ethyl 4 methyl imidazole as a curing accelerator at 0.1 parts; methyl ethyl ketone as a solvent 
(produced by Maruzen Sekiyu Kagaku Corporation) at 10 parts; methyl glycol at 30 parts. 

This varnish is impregnated in a glass cloth (produced by Nittobo Corporation; 18 W 
Epoxy Silane treated). The resin portion is adjusted to 34 to 42%. The glass cloth with the 
varnish impregnated is then dried at 150°C for 3 minutes so as to obtain a prepreg. The 
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prepreg is heated and pressured at 165°C at 40 Kg/cm 2 for 120 minutes by using a 
conventional method. Subsequently, a copper-clad laminate at a 1.6 mm thickness is obtained. 

By removing the copper foil of the copper-clad laminate by an etching means, a testing 
piece of 50 x 50 mm is formed. After a pressure cooker treatment has been applied (in steam 
at 121 °C), a solder thermal resistance test (immersing at 260 °C for 30 seconds) is conducted. 

The result is indicated in Table 1. 

Comparative Example 1 

The following components at the following parts are added in the order so as to form 
a varnish: epoxy resin (Araldite 8011 produced by Nippon Chibagaigi Corporation) at 100 
parts; methylethyl ketone at 25 parts; dicyan diamide at 3 parts; methylethyl ketone at 10 
parts; methyl glycol at 30 parts; 2 ethyl 4 methyl imidazole (produced by Shikoku Kasei 
Corporation) at 0.1 parts. 

Using the obtained varnish, a copper-clad laminate is produced as similarly to as in the 
embodiment. The testing results obtained as similarly to as in the embodiment are indicated 
in Table 1. 

Comparative Example 2 

The following components at the following parts are added in the order so as to form 
a varnish: epoxy resin (Araldite 8011) at 90 parts; orthocresol novolac epoxy resin (ESCN 220 
F produced by Sumitomo Kagaku Corporation; 217 g/eq epoxy equivalent weight) at 10 parts; 
metylethyl ketone at 25 parts; dicyan diamide at 3 parts; methylethyl ketone at 10 parts; 
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methyl glycol at 30 parts; 2 ethyl 4 methyl imidazole (produced by Shikoku Kasei Corporation) 
at 0.1 parts. Using the obtained varnish, a copper-clad laminate is produced as similarly to as 
in the embodiment. The testing results obtained as similarly to as in the embodiment are 
indicated in Table 1. 



Table 1 







Embodiment 


Comparative 
Example 1 


Comparative 
Example 2 




Varnish The first 
day 

Gelling time 
(second) The 14th 
day 


(Please refer to the 

original 

description) 








Prepreg resin flow 
Prepreg gelling 
time (second) 








Thermal resistance 


Treating time 

1 hour 

2 hours 


(Please refer to the 

original 

description) 








3 hours 

4 hours 










5 hours 

6 hours 










7 hours 

8 hours 









Note) Thermal resistance evaluation 
O: No abnormality identified 
a: Slight measling or expansion occurred 
x: Measling or expansion occurred 



[Advantageous Result of the Invention] 
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As for the present invention, the product resulted in the reaction between glycidyl 
isocyanurate and bisphenol A or tetrabromo bisphenol A is identified in the chart of Fig.l. 

A significant thermal resistance as in the embodiment that uses the reaction product 
is seen in Table 1. 

4. Brief Description of the Invention 

Fig.l illustrates a GPC chart as in an embodiment of the present invention. 

Translations Branch 

U.S. Patent and Trademark Office 

5/20/02 

Chisato Morohashi 
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